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(g) DC/DC voltage converting device. 

(S7\ A DC/DC voltage converting device is 
® obtained for boosting a DC Power supply vo*- 
aae to provide a higher output volt- 
aae comprising soft start circuit 20 for gradually 
fn^easTng the 9 turnings duration of trans|Stor 
34 in boosting circuit 30; pulse width control 
drcu* 6^for providing a modulated pulse sig- 
nal P2to control the boosted voltage. The de- 
vice further comprises boosting circuit 30 
Sding an inductor 32, diode 36 and trem- 
or 34 Boosting circuit 30 provides a predeter- 
mined b^^ higher than the power 
suoDlv voltage by alternately turning on and off 
S -34. The turnings duratton of fran- 
sistor 34 is gradually increased during the initial 
Son period bysoft start circuit 20, anc * 
controlled by modulated pulse signal P2 dunng 
f stable operation period. The device further 
oomprises gate circuit 40 having diode 46 and 
transistor 44, and step up or curt 70 Sep up 
circuit 70 turns off transistor 44 dunng the 
Mai operation period, and turns it on white 
transistor 34 is off during the stable operation 
p^od to allow an efficient current flow from 
boosting circuit 30 to output terminal 56. Any 
counter current flow from output terminal 58 to 
boosting circuit 30 is inhibited dunng the initial 
^ operation period. 
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Field of the Invention 

The present invention relates to a DC/DC voltage 
converting device for use in a power supply circuit, 
and more specifically to a DC/DC voltage converting 
device for efficiently converting a relatively low input 
voltage to a predetermined high voltage. 

Background of the Invention 

There are many portable electronic devices and 
apparatus, especially in consumer electronics, that 
use a battery (cell) as their power supply. The voltage 
supplied from the cell does not necessarily match the 
voltage level required in the electronic devices. Thus, 
a need exists to boost the supplied voltage to provide 
a higher voltage to internal circuits in the electronic 
devices. Atypical prior voltage converting device hav- 
ing such boosting function is shown in Fig. 1. 

A boosting circuit 30 receiving power supply vol- 
tage Vdd includes a coil 32, a transistor 34 which may 
be a MOS FET, and a diode 36. One end of coil 32 is 
connected to power supply line 31, and the other end 
is connected to the drain of transistor 34. The source 
of transistor 34 is grounded, and the gate thereof is 
connected to the output of an AND circuit 2. The cath- 
ode and anode of diode 36 are connected to the drain 
and source of transistor 34, respectively. 

A saw tooth generating circuit 10 provides a saw 
tooth output ST to a soft start circuit 20. Soft start cir- 
cuit 20 provides a pulse output P1 to one input of AND 
circuit 2. The pulse widths of pulse output P1 increase 
gradually as shown in Fig. 3. This gradual increase is 
needed for stably starting initial operation. The output 
of AND circuit 2 is connected to the gate of transistor 
34. 

Coupled to a node 33 between coil 32 and MOS 
transistor 34 is a gate circuit 40, comprising a diode 
46 and a transistor 44 which may be a MOS FET. A 
boosted output is supplied from boosting circuit 30 
through gate circuit 40 to a smooth circuit 50. A 
smoothed output voltage Vo is obtained from smooth 
circuit 50 at an output terminal 58 and supplied to ev- 
ery circuit in the electronic device. 

Pulse output P3 of AND circuit 2 is also coupled 
to the gate of transistor 44 through an inverter 4. 

Output voltage Vo of smooth circuit 50 is also 
supplied to a pulse width control circuit 60. Pulse 
width control circuit 60 receives a saw tooth output ST 
from saw tooth generating circuit 10, and provides a 
modulated pulse signal P2 to the other input of AND 
circuit 2. The low pulse duration of modulated pulse 
signal P2, as shown in Fig. 3, becomes long as output 
voltage Vo becomes high. Pulse output P3 of AND cir- 
cuit 2 is high only when both pulse output P1 of soft 
start circuit 20 and pulse output P2 of pulse width con- 
trol 60 are high. 

The operation of prior voltage converting device 



1 will now be described with reference to Fig. 2 show- 
ing more specific circuit of prior device 1 and Fig. 3 il- 
lustrating operational timing chart of device 1. In saw 
tooth circuit 10, pulses generated by an oscillator 12 

5 is divided by frequency divider 14 to get a low frequen- 
cy pulse signal. A saw tooth generator 16 receives the 
low frequency pulse signal from frequency divider 14, 
generates a saw tooth signal ST (see Fig. 3), and sup- 
plies it to the inverting input of an operational ampli- 

10 f ier 22 in soft start circuit 20. 

The non-inverting input of operational amplifier 
22 is connected to one end of a capacitor 26. To this 
end of capacitor 26, power supply voltage Vdd is also 
coupled through a constant current supply and a 

15 switch 24. The other end of capacitor 26 is grounded. 
The constant current supply and capacitor 26 forms 
an integral circuit, and therefore capacitor starts 
charging or accumulation when switch 24 is dosed. 
When a voltage V1 accumulated on capacitor 26 is 

20 higher than saw tooth voltage ST, operational ampli- 
fier 22 provides high output(see Fig. 3). Because saw 
tooth voltage ST has a constant cycle time and capac- 
itor voltage V1 becomes gradually higher, operational 
amplifier 22 has a pulse output signal P1, the width 

25 of which increases gradually(see Fig. 3). This pulse 
output P1 is supplied to the gate of MOS transistor 34 
in boosting circuit 30 via AND circuit 2. 

In response to the control pulse applied by AND 
circuit 2, transistor 34 alternately turns on and off. 

30 When transistor 34 is on, a current flows from power 
line 31 through coil 32 and transistor 34 to the ground, 
and therefore the voltage level at node 33 becomes 
low (the drain-to-source voltage of transistor 34). 
Then, the pulse from AND circuit 2 becomes low and 

35 turns off transistor 34. When transistor 34 turns off, 
the current through coil 32 tends to continue flowing 
but can not due to the high resistances of transistor 
34 and diode 36. Thus an induced electromotive force 
creates at node 33 a voltage higher than power supply 

40 voltage Vdd. This induced voltage is supplied through 
gate circuit 40 to smooth circuit 50. 

The logical output of AND circuit 2 is also applied 
through inverter 4 to the gate of FET transistor 44. 
Therefore, while transistor 34 is off, transistor 44 is 

45 on. The induced voltage created by the inductance of 
coil 34 makes a current flow from node 33 through 
transistor 44 to smooth circuit 50, which accumulates 
a high voltage. Next, when transistor 34 turns on, it al- 
lows current flow from power supply voltage Vdd to 

so the ground, and the voltage of node 33 becomes low 
again. At this time transistor 44 is off, and a counter 
current does not flow from smooth circuit 50 to boost- 
ing circuit 30. In this manner, transistor repeats turn- 
ing on and off, the boosted charge is accumulated at 

55 smooth circuit 50. 

The pulsating voltage entering into smooth circuit 
50 is smoothed by capacitors 54, 56 and a coil 52. The 
boosted and smoothed output voltage Vo can be tak- 
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en out at an output terminal 58 and supplied to other 
electronic circuits including voltage dividing resistors 
61, 62 in pulse width control circuit 60. 

At the first stage in the initial operation period, 
the amount of the current from power supply through 
coil 32 to the ground has to be restricted in order to 
prevent over load and stably start the boosting oper- 
ation. For that purpose, the turning-on duration of 
transistor 34 is shortened by initially lowering the duty 
ratio of the pulse signal P1 applied to the gate of tran- 
sistor 34. Then, as shown in Fig. 3, the turning-on dur- 
ation of transistor 34 is made longer gradually by soft 
start circuit 20 to gradually increase output voltage Vo 
appearing at output terminal 58. 

Output voltage Vo from smooth circuit 50 is fed 
back to pulse width control circuit 60, divided by re- 
sistors 61, 62, and supplied to the non-inverting input 
of an operational amplifier 64. A first reference vol- 
tage Vrf1 is given to the inverting input of operational 
amplifier 64 via a resistor 63. The voltage difference 
between the non-inverting input voltage and first ref- 
erence voltage Vrf1 is amplified with a ratio deter- 
mined by resistors 63, 65. The amplified voltage dif- 
ference is then compared with saw tooth voltage ST 
in an operational amplifier 66 to provide a pulse signal 
P2 (see Fig. 3). 

If output voltage Vo becomes higher than a de- 
sired level, pulse width control circuit 60 shorten the 
turning-on duration of transistor 34. For that purpose, 
the low pulse duration of pulse P2, which disables 
AND circuit 2, is made longer as shown in Fig. 3. A re- 
sultant logical output P3 of AND circuit 2 shown in Fig. 
3 controls the operation of boosting circuit 30 to ob- 
tain the desired output voltage. In this manner, the de- 
sired voltage level is maintained irrespective of load 
variation. 

Although the ideal operation of prior voitage con- 
verting device 1 has been described, device 1 actual- 
ly does not necessarily operate well as described 
above. That is, current Ic flowing through coil 32 does 
not necessarily follow the solid line shown in Fig. 4, 
but may follow the dotted line in Fig. 4. Because the 
low pulse duration of pulse signal P1 and therefore 
the turning-on duration of transistor 44 is long at the 
beginning in the initial operation period, a counter 
current flows from high voltage smooth circuit 50 to 
boosting circuit 30 after coil current Ic decreases to 
zero (see the dotted line in fig. 4). Accordingly the 
normal start of operation is not guaranteed in the prior 
converting device. 

Brief Description of the Invention 

Accordingly, it is an object of the present inven- 
tion to provide an improved DC/DC voltage convert- 
ing device. 

In accordance with the present invention there is 
provided, in an embodiment, by a DC/DC voltage con- 



verting device 5 for receiving a DC power supply vol- 
tage Vdd and boosting the received voltage Vdd to 
provide a boosted output voltage Vo at an output ter- 
minal 58, comprising: 

5 a soft start circuit 20 for providing output puls- 

es P1, the widths of the output pulses P1 being grad- 
ually increasing during an initial operation period; 

a pulse width control circuit 60 for responding 
the output voltage Vo fed back from the output termi- 

10 nal 58 to provide a modulated pulses signal P2; 

a boosting circuit 31 including an inductor 32 
coupled to the power supply voltage Vdd, and a 
switching element 34 coupled in series to the inductor 
32 and coupled to the soft start circuit 20 and the 

15 pulse width control circuit 60, said boosting circuit 30 
providing a predetermined boosted voltage higher 
than the power supply voltage Vdd by alternately 
turning on and off the switching element 34, the turn- 
ing-on duration of the switching element 34 being 

20 gradually increased during the initial operation period 
by the output pulses P1 from the soft start circuit 20 
to softly start said DC/DC voltage converting device 
5, and said turning-on duration of the switching ele- 
ment 34 being controlled by the modulated pulse sig- 

25 nal P2 during the stable operation period to provide 
the predetermined boosted voltage; 

a gate circuit 40 including a rectifying element 
46 and a switching element 44 coupled in parallel and 
between the boosting circuit 30 and the output termi- 

30 nal 58; and 

a step up circuit 70 coupled to the gate circuit 
40, for turning off the switching element 44 in the gate 
circuit 40 during the initial operation period, and turn- 
ing on the switching element 44 in the gate circuit 40 

35 while the switching element 34 in the boosting circuit 
30 turns off during the stable operation period to allow 
efficient current flow from the boosting circuit 30 to 
the output terminal 58, whereby counter current flow 
from the output terminal 58 to the boosting circuit 30 

40 is inhibited during the initial operation period. 

In a preferred embodiment, switching element 34 
in boosting circuit 30 is alternately turned on and off 
by the soft start pulse signal and the modulated pulse 
signal. Energy stored in inductor 32 makes a current 

45 flow through gate circuit 40 to output terminal 58. 
Thus boosted output voltage can be derived at output 
terminal 58. Switching element 44 in gate circuit 40 
turns off during the initial operation period to inhibit a 
counter current flow from output terminal 58 to boost- 

50 ing circuit 30, and on the other hand allows an effi- 
cient current flow from boosting circuit 30 to output 
terminal 58 during the stable operation period. 

The above described invention will be more fully 
understood by reference to the accompanying figures 

55 and description thereof that follows. 
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Brief Description of the Drawings 

Fig. 1 is a simplified schematic diagram of a prior 
DC/DC voltage converting device. 

Fig. 2 shows a detailed circuit of the device of Fig. 

1. 

Fig. 3 is a timing chart of signals in prior convert- 
ing device and a converting device of Fig. 5 according 
to an embodiment of the invention 

Fig. 4 is a waveform diagram of a pulse P1 from 
a softstart circuit 20 and a current Ic flowing through 
a coil 32 in prior converting device and the embodi- 
ment device. 

Fig. 5 is a simplified schematic diagram of one 
prefered embodiment DC/DC voltage converting de- 
vice according to the invention. 

Fig. 6 shows a detailed circuit of the embodiment 
device of Fig. 5. 

Description of a Preferred Embodiment 

Fig. 5 shows a schematic diagram of a DC/DC 
voltage converting device according to a preferred 
embodiment of the present invention. DC/DC voltage 
converting device 5 receives a DC power voltage Vdd 
supplied by a battery such as manganese, alkaline, 
mercury, Ni-Cd and other battery, and boosts the re- 
ceived voltage to provide an output voltage Vo at an 
output terminal. 

A boosting circuit 30 receiving power supply vol- 
tage Vdd includes a coil 32, a transistor 34 which may 
be a MOS FET, and a diode 36. One end of coil 32 is 
connected to power supply line 31, and the other end 
is connected to the drain of transistor 34. The source 
of transistor 34 is grounded, and the gate thereof is 
connected to the output of an AND circuit 2. The cath- 
ode and anode of diode 36 are connected to the drain 
and source of transistor 34, respectively. It is desir- 
able that transistor 34 has a low on- resistance. For 
that purpose, power MOS transistors such as LD 
MOS series marketed by Motorola may be utilized. Al- 
though boosting circuit 34 has one boosting stage in 
this embodiment, two boosting stages may be em- 
ployed for more efficient operation. 

A saw tooth generating circuit 10 provides a saw 
tooth output ST to a soft start circuit 20. Soft start cir- 
cuit 20 provides a pulse output P1 to one input of AND 
circuit 2. The pulse widths of pulse output P1 increase 
gradually as shown in Fig. 3. This gradual increase is 
needed for stably starting initial operation. The output 
of AND circuit 2 is connected to the gate of transistor 
34. 

Coupled to a node 33 between coil 32 and MOS 
transistor 34 is a gate circuit 40, comprising a diode 
46 and a transistor 44 which may be a MOS FET. Di- 
ode 46 is desirably a Schottky diode having a low for- 
ward breakdown voltage. A boosted output is supplied 
from boosting circuit 30 through gate circuit 40 to a 



smooth circuit 50. A smoothed output voltage Vo is 
obtained from smooth circuit 50 at an output terminal 
58 and supplied to every circuit in the electronic de- 
vice. 

5 Pulse output P3 of AND circuit 2 is also coupled 

to the gate of transistor 44 through an inverter 4. 

Output voltage Vo of smooth circuit 50 is also 
supplied to a pulse width control circuit 60. Pulse 
width control circuit 60 receives a saw tooth output ST 

10 from saw tooth generating circuit 1 0, and provides a 
modulated pulse signal P2 to the other input of AND 
circuit 2. The duration of the low pulse of modulated 
pulse signal P2, as shown in Fig. 3, becomes long as 
output voltage Vo becomes high. Pulse output P3 of 

15 AND circuit 2 is high only when both pulse output P1 
of soft start circuit 20 and pulse output P2 of pulse 
width control 60 are high. 

The operation of the embodiment voltage con- 
verting device 5 will now be described with reference 

20 to Fig. 6 showing more specific circuit of device 5 and 
Fig. 3 illustrating operational timing chart of device 5. 
In saw tooth circuit 10, pulses generated by an oscil- 
lator 12 is divided by frequency divider 14 to get a low 
frequency pulse signal, e.g. 128kHz. A saw tooth gen- 

25 erator 16 receives the low frequency pulse signal 
from frequency divider 14, generates a saw tooth sig- 
nal ST (see Fig. 3), and supplies it to the inverting in- 
put of an operational amplifier 22 in soft start circuit 
20. 

30 The non-inverting input of operational amplifier 

22 is connected to one end of a capacitor 26. To this 
end of capacitor 26, power supply voltage Vdd is also 
coupled through a constant current supply and a 
switch 24. The other end of capacitor 26 is grounded. 

35 The constant current supply and capacitor 26 forms 
an integral circuit, and therefore capacitor starts 
charging or accumulation when switch 24 is closed. 
When a voltage V1 accumulated on capacitor 26 is 
higher than saw tooth voltage ST, operational ampli- 

40 f ier 22 provides high output(see Fig. 3). Because saw 
tooth voltage ST has a constant cycle time and capac- 
itor voltage V1 becomes gradually higher, operational 
amplifier 22 has a pulse output signal P1, the width 
of which increases gradually(see Fig. 3). This pulse 

45 output P1 is supplied to the gate of MOS transistor 34 
in boosting circuit 30 via AND circuit 2. Power may be 
supplied to oscillator 12, frequency divider 14, saw 
toot h generator 1 6 and soft start circuit 20 from output 
ternimal 58. 

so In response to the control pulse applied by AND 
circuit 2, transistor 34 alternately turns on and off. 
When transistor 34 is on, a current flows from power 
line 31 through coil 32 and transistor 34 to the ground, 
and therefore the voltage level at node 33 becomes 

55 low (the drain-to-source voltage of transistor 34). 
Then, the pulse from AND circuit 2 becomes low and 
turns off transistor 34. When transistor 34 turns off, 
the current through coil 32 tends to continue flowing 
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but can not due to the high resistances of transistor 
34 and diode 36. Thus an induced electromotive force 
creates at node 33 a voltage higher than powersupply 
voltage Vdd. This induced voltage is supplied through 
gate circuit 40 to smooth circuit 50. 5 

At the first stage in the initial operation period, 
the amount of the current from powersupply through 
coil 32 to the ground has to be restricted in order to 
prevent over load and stably start the boosting oper- 
ation. For that purpose, the turning-on duration of 10 
transistor 34 is shortened by initially lowering the duty 
ratio of the pulse signal P1 applied to the gate of tran- 
sistor 34. Then, as shown in Fig. 3, t he turning-on dur- 
ation of transistor 34 made longer gradually by soft 
start circuit 20 to gradually increase output voltage Vo 15 
appearing at output terminal 58. 

The logical output of AND circuit 2 is also applied 
through inverter 4 and step up circuit 70 to the gate 
of FET transistor 44. As shown in Fig. 6, voltage V1 
charged in capacitor 26 is supplied to the non-invert- 20 
ing input of an operational amplifier 72 of step up cir- 
cuit 70. Coupled to the inverting input of operational 
amplifier 72 is a second reference voltage Vrf2. Op- 
erational amplifier 72 provides an output Vs to enable 
an AND circuit 74 when voltage V1 is higher than Vrf2. 25 
After switch 24 is closed at the beginning of the initial 
operation of device 5, step up circuit 70 keeps tran- 
sistor 44 off till V1 surpasses Vrf2. Accordingly, any 
counter current flow, encountered in the prior device 
during the initial operation period, is inhibited. A de- 30 
sired forward current can flow through diode 46 to 
smooth circuit 50, although there is a loss by diode 
voltage drop. Therefore, current Ic as shown by the 
solid line in Fig. 4 is obtained. When the soft start is 
completed and the stable operation period starts, V1 35 
becomes large enough to enable AND circuit 74. As 
a result, the inverting signal of pulse output P3 from 
AND circuit is coupled to the gate of transistor 44, and 
therefore transistor 44 turns on and off at the oppo- 
site phase with transistor 34. Thus, while transistor 34 40 
is off, transistor 44 is on. The induced voltage created 
by the inductance of coil 32 makes a current flow from 
node 33 through transistor 44 to smooth circuit 50, 
which accumulates a high voltage. Next, when tran- 
sistor 34 turns on, it allows current flow from power 45 
supply voltage Vdd to the ground, and the voltage of 
node 33 becomes low again. At this time transistor 44 
is off, and a counter current does not flow from 
smooth circuit 50 to boosting circuit 30. In this man- 
ner, transistor repeats turning on and off, the boosted 50 
charge is accumulated at smooth circuit 50. During 
the stable operation period, current Ic induced by coil 
32 can flow through not diode 46 but transistor 44 
having low on-resistance, resulting in efficient cur- 
rent flow and therefore efficient boosting. 55 

The pulsating voltage entering into smooth circuit 
50 is smoothed by capacitors 54, 56 and a coil 52. The 
boosted and smoothed output voltage Vo can be tak- 



en out at an output terminal 58 and supplied to other 
electronic circuits including voltage dividing resistors 
61, 62 in pulse width control circuit 60. 

Output voltage Vo from smooth circuit 50 is fed 
back to pulse width control circuit 60, divided by re- 
sistors 61 , 62 and supplied to the non-inverting input 
of an operational amplifier 64. A first reference vol- 
tage Vrf1 is given to the inverting input of operational 
amplifier 64 via a resistor 63. The voltage difference 
between the non-inverting input voltage and first ref- 
erence voltage Vrf1 is amplified with a ratio deter- 
mined by resistors 63, 65. The amplified voltage dif- 
ference is then compared with saw tooth voltage ST 
in an operational amplifier 66 to provide a pulse signal 
P2 (see Fig. 3). 

If output voltage Vo becomes higher than a de- 
sired level, pulse width control circuit 60 shorten the 
turning-on duration of transistor 34. For that purpose, 
the low pulse duration of pulse P2, which disables 
AND circuit 2, is made longer as shown in Fig. 3. A re- 
sultant logical output P3 of AND circuit 2 shown in Fig. 
3 controls the operation of boosting circuit 30 to ob- 
tain the desired output voltage. In this manner, the 
desired voltage level is maintained irrespective of 
load variation. 

Output voltage Vo may be supplied to pulse width 
control circuit 60. 

Thus, any counter current flow from the smooth 
circuit to the boosting circuit can be inhibited during 
the initial operation period, and boosting operation is 
efficiently performed during the stable operation per- 
iod. Therefore, the safe start of the converting device 
is guaranteed. 



Claims 

1 . A DC/DC voltage converting device for receiving 
a DC power supply voltage and boosting the re- 
ceived voltage to provide a boosted output vol- 
tage at an output terminal, comprising: 

a soft start circuit for providing output puls- 
es, the widths of the output pulses being gradu- 
ally increasing during an initial operation period; 

a pulse width control circuit for responding 
the output voltage fed back from the output ter- 
minal to provide a modulated pulse signal; 

a boosting circuit including an inductor 
coupled to the power supply voltage, and a 
switching element coupled in series to the induc- 
tor and coupled to the soft start circuit and the 
pulse width control circuit, said boosting circuit 
providing a predetermined boosted voltage high- 
er than the power supply voltage by alternately 
turning on and off the switching element, the 
turning-on duration of the switching element be- 
ing gradually increased during the initial opera- 
tion period by the output pulses from the soft 
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start circuit to softly start said DC/DC voltage 
converting device, and said turning-on duration 
of the switching element being controlled by the 
modulated pulse signal during a stable operation 
period to provide the predetermined boosted vol- 5 
tage; 

a gate circuit including a rectifying element 
and a switching element coupled in parallel and 
between the boosting circuit and the output ter- 
minal; and 10 

a step up circuit coupled to the gate circuit, 
for turning off the switching element in the gate 
circuit during the initial operation period, and 
turning on the switching element in the gate cir- 
cuit while the switching element in the boosting 15 
circuit turns off during the stable operation period 
to allow efficient current flow from the boosting 
circuit to the output terminal, whereby counter 
current flow from the output terminal to the 
boosting circuit is inhibited during the initial oper- 20 
ation period. 
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